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METHOD OF FIXING FREQUENCY COMPLEX 
UP-CONVERSION PHASE AND GAIN IMPAIRMENTS 

Background of the Invention 

1. Field of the Invention 

This invention relates generally to transceiver systems and methods, and more 
particularly to a technique for solving transmitter impairments when a system has both 
receiver and transmitter operating with the same local oscillator frequency but with 
independent phase and gain impairments. 

2. Description of the Prior Art 

Schemes utilizing the complex conversion (down conversion or up conversion) 
use two local oscillators (shifted by 90 degrees) and two mixers to form two orthogonal 
output signals in down conversion. One is referred to as Real and the other as Imaginary. 
In the up conversion case the complex baseband signal is up converted to a real signal in 
IF. Implementing this scheme using analog components (phase shifter and mixer) causes 
phase, gain and delay mismatches. The delay mismatch can be regarded as phase 
mismatch as long as the signal bandwidth is relatively small with respect to its center 
frequency. 

Some systems include both a transmitter and a receiver operating in conjxmction 
with the respective local oscillators and having the same frequency but with independent 
phase and gain errors. Such system exist for example in the case of WLAN (802. 11), 
where possible implementation includes a complex up converter and a complex down 
converter, both having the same local oscillator frequency. This approach, being low cost 
and simple, is widely used in many applications such as the WLAN. Each of the 
converters needs the phase and gain mismatch to be corrected in case of limited analog 
performance of the converters. Each one must be optimized independently, as transmitter 
and receiver specifications are set separately due to interoperability requirements between 
different vendors. 
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In view of the foregoing, a need exists for a technique to solve transmitter 
impairments when a system has both receiver and transmitter operating with the same 
local oscillator frequency but with independent phase and gain impairments. 
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Summary of the Invention 

The present invention is directed to a technique for solving transmitter 
impairments associated with a transceiver system when the system has both receiver and 
transmitter operating with the same local oscillator frequency but with independent phase 
and gain impairments. 

According to one embodiment, a method of repairing frequency complex up- 
conversion phase and gain impairments in a up/down conversion transceiver comprises 
the steps of: 

estimating gain and phase imbalance parameters in receive mode during 
transceiver power-up; 

canceling the receive mode gain and phase imbalance in response to the estimated 
parameters; 

switching the transceiver to transmit mode subsequent to cancellation of the 
receiver gain and phase imbalance; 

transmitting a signal back into the receiver via the transceiver transmitter 
subsequent to switching to the transmit mode; 

re-estimating gain and phase imbalance parameters subsequent to transmission of 
the signal back into the receiver, and generating transmit mode gain and phase 
impairments there from; and 

canceling transmit mode gain and phase imbalance in response to the estimated 
impairments. 

According to another embodiment, an up/down conversion transceiver comprises: 
an analog down converter operational in association with a plurality of A/D 

converters to generate in-phase signals and quadrature signals in response to passband RF 

input signals; 

a digital gain equalizer operational in response to the in-phase and quadrature 
signals to cancel a estimated receive gain error when the transceiver is in receive mode 
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and further operational to estimate a transmit gain error when the transceiver is in 
transmit mode; 

a digital phase estimator operational in response to the in-phase and quadrature 
signals to generate a estimated receive phase error when the transceiver is in receive 
mode and further operational to estimate a transmit phase error when the transceiver is in 
transmit mode; 

a receiver digital phase equalizer operational to cancel the estimated receive phase 
error; and 

a transmitter operational to generate up-converted passband RF input signals 
having canceled transmit gain and phase imbalances in response to the passband RF input 
signal, the estimated transmit gain error and the transmit phase error. 

According to yet another embodiment, an up/down conversion transceiver 
comprises: 

a receiver operating at a local oscillator frequency; and 

a transmitter operating at the local oscillator frequency, wherein the receiver and 
transmitter, independently of one another, are each configured to cancel its respective 
gain and phase impairments. 

According to still another embodiment, an up/down conversion transceiver 
comprises: 

a receiver operating at a local oscillator frequency; 
a transmitter operating at the local oscillator frequency; and 
algorithmic software, wherein the receiver and transmitter operate independently 
of one another in response to the algorithmic software such that the receiver and 
transmitter each cancel only its respective gain and phase imbalances. 
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Brief Description of the Drawings 

Other aspects and features of the present invention and many of the attendant 
advantages of the present invention will be readily appreciated as the invention becomes 
better imderstood by reference to the following detailed description when considered in 
connection with the accompanying drawing figures thereof and wherein: 

Figure 1 is a system level diagram illustrating a general up/down conversion 
transceiver for wireless applications that is known in the art; and 

Figure 2 is a block diagram illustrating a receiver/transmitter according to one 
embodiment of the present invention. 

While the above-identified drawing figures set forth particular embodiments, 
other embodiments of the present invention are also contemplated, as noted in the 
discussion. In all cases, this disclosure presents illustrated embodiments of the present 
invention by way of representation and not limitation. Numerous other modifications and 
embodiments can be devised by those skilled in the art which fall within the scope and 
spirit of the principles of this invention. 
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Detailed Description of the Preferred Embodiments 

Figure 1 is a system level diagram illustrating a general up/down conversion 
transceiver 10 for wireless applications that is known in the art. 

Assuming a received signal is of the form: 
S{t) = {t)cos{6),t)' (Osin^O 

And two local oscillators, then 
loi (0 = cos{a)Qt + ^ / 2) and 
L,,{t) = sm{co,t-e/2) 

where, 

^ « 1 is the phase error and A « 1 is the gain error (ratio of the q and the / path's gains). 

The resulting signals after down-conversion (assuming low-pass filters after the mixers) 
are: 

i{t)= S{t)cos{(VQt + 0 /2)^ S{t)cos{(DQt)- S{^^^^ ; and 

q{t) = S{t)A sm{o}Qt -612)^ S{t)A smip^t) - S{t)A cos^r)^ / 2 

The resulting signal after up-conversion is: 

S{t) = (r)cos(a>, r + A / 2) - 5^ {t)B sin(tyj f + A / 2) = 5, (r)cos(^, /)cos(A / 2) - (/)sin(cy/)sinl 
[S^ {f)B sin{o)^ r)cos(A 12)-$^ {t)B cos((yir)sin(A / 2)} 

where, 

Siif) and S^if) are the real and imaginary components of the complex signal that is up 

converted and A « 1 and B « 1 are the phase and gain imbalance (ratio of the q and the 
/ path's gains) of the unconverted paths, is the up-converted center frequency, which 
is the local oscillators' frequency. Under these assumptions, 
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S{t) « [S, {thBS^ {t)A/2\cosM - {S, {t)M2 + BS^ {t)]sm{o),t) 



Inserting this into a complex down conversion with the phase and gain imbalance as 
described above yields. 



5(r)^sin((yor)-5'(r)^cos(iyor)^/2 = 
[{5X/)+5aS^(/)A/2}cos(fi>,/)- {s,{f)M2 + 55^(/)}sin(6>,Oj^sin(fi>oO- 
[{5, if) + BS^ (/)A l2]cos{a),t) - {5, (/)A / 2 + (/)}sin(a),/) |4 cos(6;oO^ / 2 

The analysis herein below applies for a case where the up conversion and the 
down conversion are implemented with the same local oscillator frequency, meaning 
0)^ =o)q, but the phase imbalances 0,A are independent. For this analysis it is also 

assumed co^ q are larger significantly than the signal bandwidth; therefore any terms 

around co^ or 2fi>, are filtered with a low pass filter in the baseband. In this case. 



i{t)^S{t)cos{mQt)-S{t)sin{a)Qt)0/2 = 

[{5, BS^{t)A/2}cos{o},t)-' {5,(/)A/2 + 55^(r)}sin(dy/)Jcos(tyoO- 
[{S, (/)+ 55^ (/)A /2}cos(fi^/)- {5, (/)A /2 + BS^ (/)}sin(^i/)Jsin(6)o/)^/2 



and 





Therefore, 



/(/) « [{5, (/) + BS^ (/)A / 2}cos(ty, t) - {5, (/)a /2-^BS^ (/)}sin(^yi/)Jcos(^yor) - 
[{sXthBS^{t)A/2]cos{a),ty {5,(0a/2 + 55^(0}sin(fi;,Ojsin(fi>oO^/2 = 
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}/{s,(0+55,(0a/2}+;^{5,(0a/2 + 55,(0}-^/2 

^(0 « Ite (0 + (Oa / 2}cos(cy, t) - [S, (/)a / 2 + 55^ it)\sm{(o^ t)\A sm{(o^t) - 
[{5,(0+ 55,(0A/2jcos(©,0- {5,(0a/2 + fi5,(/)}sm(o,0|4cos(<yor)^/2 = 

5 -y^{s,(t)^l2 + BS^{t)}A-y^{s,{t)+BS^{t)^l2]A^el2 

The present inventors have discovered the phase and gain imbalance of the down- 
conversion can be addressed and canceled independently of the up-conversion 
impairment with external signal or noise. Therefore, in this analysis one can assume that 
10 y4 « 1 and ^ « 0 after the correction algorithms. This yields, 

i{t)»y^{s,{t)^BS^{t)Ml],zxA 
q{f)^-y^{sM)Ml + BS^it)}. 

As S^{f) and S^{t) are independent, cross-correlating the two products (with zero delay) 
15 yields: 

Assuming again that the phase and gain imbalance are small, their estimation can 
be done as if decoupled; and the second order effect is negligible. Therefore, the phase 
20 imbalance estimate A^^, is: 

A„,«-8i?.,(o)/{s;^(0+5^,5,'(0}; 

and the gain imbalance estimate B^^^ is the empirical ratio in the receiver, since 
5,(0«2/(0-55,(0a/2, 
25 BS^{t)^--2q{tyS,{t)Ml 

and A is small enough to neglect its impact. We get. 
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5«,=^'^,(0/^X0={-2^(0-^-WA/2}/{2/(0-55,(/)A/2}«-g(0//(/) 

Finally, we apply the gain and phase imbalance estimates to correct the transmitter up- 
converter impairments, and use modified real and imaginary inputs ^^^^d (0 ^nd 

Sjr^{t) = SXt)-S,{t)A^,/2 
S,.M = S,{t)/B^,-SXt)A^,/2B,„ 

Thus, 

10 S{t)^{sXtyS^{t)A/2\+B[S^{t)/B'SXt)^/2B^ 

S{t) = {s. (/) - {t)A / 2 Ja / 2 + b[s^ {t)/ B - 5, (/)A / 2 / 5 J}sin(a), t) = 

And finally with error in the order of , we get 
15 S{t) « iS, (/)cos((y,/)- {t)sm{a)^t) . 

It is important to notice that the phase imbalance estimate algorithm of the up- 
converter and down-converter are the same; and measurements are done always in the 
receiver. This implies that the same hardware (HW) can be used for both, while in the 
20 case of the receiver impairments, the estimates of the phase and gain imbalance are used 
to correct forward the demodulated signals samples, while in the case of the transmitter, 
the estimates of the same mechanism in the receiver are fed back to the transmitter in 
order to correct the transmitted symbols. 

25 Figure 2 is a block diagram illustrating a receiver/transmitter 100 for 

implementing the foregoing algorithm according to one embodiment of the present 
invention. The algorithm is applied in the simple way described as follows: 
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1 . During power up, the receiver gain and phase imbalance is canceled based on 
estimation of these parameters using either amplified noise or an external signal. Phase 
and gain impairments in the receiver are corrected in a feed forward method as stated 
herein before. 

5 2. Once the receiver impairments are canceled, the system 100 is switched to 

transmission mode. A signal is transmitted and fed back to the receiver through coupling 
back close to a duplexer or switch (depending on RF implementation). The transmission 
to the antenna is blocked and prevented at that point. The estimation of the phase and 
gain imbalance is done once more with same hardware in the receiver. With the receiver 

10 impairments canceled digitally, we are left with the transmission impairments only. The 
phase and gain impairments estimation is fed back to the transmitter, changing as a result 
the transmitted symbols as described herein above. 

3. After power up, the changes are expected due to temperature variations etc. In 
this case, a periodic cancellation is done in the same manner described above in steps 1-2. 
15 The receiver impairments are estimated using the received signal (instead of just noise as 
before). The transmission impairments update are implemented while a signal is 
transmitted or in between a signal's transmission with a test signal. In the latter case, 
blocking of the signal from going to the antenna is mandatory. 

20 The present inventors discovered the algorithm described herein above to have 

many significant benefits and characteristics: 

1 . The signal-processing algorithm, for example, is basically blind meaning that it 
does not require any information on the passband signal characteristics; 

2. The up conversion and down conversion phase and gain mismatch corrections 
25 are not fully decoupled but can be separated due to non-overlapping processes. The 

down conversion mismatch corrections therefore, can start operating in power up 
independent of the transmitter corrections. Once these mismatches are fixed, the 
transmitter's up conversion mismatches can be fixed by transmitting a signal and 
coupling it back to the receiver, while blocking the transmission to antenna. In the 
30 receiver, the mismatches are estimated and feedback to the transmitter for optimization; 
and 
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3. The hardware to implement the down conversion and the up conversion's phase 
and gain mismatches is almost identical. In fact, for the down conversion receiver, the 
estimation of the phase and gain can be fed forward for correction in the receiver. In the 
transmitter case, the phase and gain estimation coupled back to the receiver are fed back 
5 to the transmitter for the correction of the transmitter signal. 

In view of the above, it can be seen the present invention presents a significant 
advancement in the art of wireless transceiver applications. It should be apparent that the 
present invention represents a significant departure from the prior art in construction and 
10 operation. However, while particular embodiments of the present invention have been 
described herein in detail, it is to be understood that various alterations, modifications 
and substitutions can be made therein without departing in any way from the spirit and 
scope of the present invention, as defined in the claims which follow. 
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